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©  A  mask  for  transferring  a  pattern  in  which  dura- 
bility  can  be  improved  and  a  very  fine  circuit  pattern 
of  a  light-shielding  film  can  be  formed,  and  a  manu- 
facturing  method  thereof  are  obtained.  In  the  mask 
for  transferring  a  pattern,  a  silicon  monocrystalline 
film  (2),  an  aluminum  monocrystalline  film  (3)  and  an 
aluminum  oxide  film  (4)  are  formed  on  a  mask 
substrate  (1)  so  as  to  have  a  prescribed  pattern 
feature.  Silicon  monocrystalline  film  (2)  and  alumi- 
num  monocrystalline  film  (3)  serve  as  the  light- 
shielding  film.  Aluminum  oxide  film  (4)  serves  as  an 
anti  reflection  and  protection  film. 
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

The  present  invention  relates  to  a  mask  for 
transferring  a  pattern  and  manufacturing  method 
thereof,  and  more  particularly,  to  a  mask  for  trans- 
ferring  a  pattern  for  use  in  a  semiconductor  device. 

Description  of  the  Background  Art 

A  conventional  mask  for  transferring  a  pattern 
for  use  in  a  semiconductor  device  (hereinafter  re- 
ferred  to  as  a  "mask")  is  disclosed,  for  example,  in 
J:  Vac.  Sci.  Technol.  B,  Vol.  10,  No.  6,  pp.  2480- 
2485  (1992)  by  Akira  Chiba,  Shuichi  Matsuda,  and 
Yaichiro  Watakabe.  Fig.  16  is  a  sectional  view 
showing  the  conventional  mask  disclosed.  Refer- 
ring  to  Fig.  16,  in  the  conventional  mask  100,  an 
optically  opaque  light-shielding  film  102  is  formed 
on  a  prescribed  region  of  a  surface  of  an  optically 
transparent  mask  substrate  101.  On  light-shielding 
film  102,  an  antireflection  film  103  for  reducing  light 
reflectance  of  mask  substrate  102  is  formed.  Mask 
substrate  101,  light-shielding  film  102  and  anti- 
reflection  film  103  are  formed,  for  example,  of  a 
quartz  glass  substrate,  a  molybdenum  silicide 
(MoSi)  film  and  a  molybdenum  silicide  oxide  film, 
respectively. 

A  method  of  using  the  above-described  con- 
ventional  mask  100  will  now  be  described.  First,  a 
resist  (not  shown)  is  formed  on  a  semiconductor 
substrate  (not  shown).  Then,  for  example,  ultra- 
violet  is  directed  to  the  resist  through  mask  100. 
Since  ultraviolet  passes  only  through  a  region 
where  light-shielding  film  102  does  not  exist,  a 
region  in  the  resist  corresponding  to  light-shielding 
film  102  is  not  irradiated  with  ultraviolet.  Conse- 
quently,  there  exist  regions  irradiated  and  not  irra- 
diated  with  ultraviolet.  That  is,  there  exist  regions 
exposed  and  not  exposed  to  ultraviolet  in  the  resist. 
The  exposed  region  or  the  unexposed  region  is 
then  removed  with  developer.  Thus,  a  resist  pattern 
is  formed.  A  resist  pattern  is  formed  for  each 
manufacturing  step  of  a  semiconductor  device  by 
using  mask  100  in  this  manner. 

Figs.  17-20  are  sectional  views  showing  a  man- 
ufacturing  process  of  the  conventional  mask  shown 
in  Fig.  16.  A  manufacturing  method  of  the  conven- 
tional  mask  will  now  be  described  with  reference  to 
Figs.  17-20. 

First,  as  shown  in  Fig.  17,  a  light-shielding  film 
102a  made  of  a  MoSi  film  is  formed  on  mask 
substrate  101,  using  sputtering  and  vacuum  evap- 
oration.  An  antireflection  film  103a  made  of  a  mo- 
lybdenum  silicide  oxide  film  is  formed  on  light- 
shielding  film  102a  by  oxidizing  light-shielding  film 
(molybdenum  silicide  film)  102a.  A  photo-sensitive 

polymer  film  (resist)  104a  is  formed  on  antireflec- 
tion  film  103a. 

Then,  as  shown  in  Fig.  18,  a  mask  pattern  is 
formed  on  resist  104a  by  directing  an  electron 

5  beam  105  to  a  prescribed  region  of  resist  104a.  A 
resist  pattern  104  shown  in  Fig.  19  is  then  formed 
by  performing  a  developing  process. 

Then,  patterned  antireflection  film  103  and 
light-shielding  film  102  as  shown  in  Fig.  20  are 

io  formed  by  etching  antireflection  film  103a  and  light- 
shielding  film  102a  using  resist  pattern  104  as  a 
mask.  Finally,  the  conventional  mask  shown  in  Fig. 
16  is  completed  by  removing  resist  104. 

In  the  above-described  manufacturing  process 
75  of  the  conventional  mask,  however,  there  are  the 

following  problems.  That  is,  in  a  step  shown  in  Fig. 
18,  when  electron  beam  105  is  directed  to  resist 
104a,  diameter  of  electron  beam  105  can  not  be 
reduced  due  to  the  restriction  of  the  optical  sys- 

20  tern.  More  specifically,  it  is  difficult  to  reduce  the 
diameter  of  electron  beam  105  to  about  40A  or 
less.  Therefore,  conventionally,  it  is  difficult  to  form 
fine  resist  pattern  104.  Consequently,  it  has  been 
difficult  to  form  a  fine  circuit  pattern  of  light-shield- 

25  ing  film  102. 
As  a  result,  methods  using  Scanning  Tunneling 

Microscope  (STM)  instead  of  the  electron  beam 
have  been  proposed  as  a  method  to  expose  a 
resist.  These  are  disclosed,  for  example,  in  C.R.K. 

30  Marrian  and  E.A.  Dobisz:  Ultramicroscopy  Vol.  42- 
44,  pp.  1309-1316  (1992). 

Fig.  21  schematically  shows  the  conventionally 
proposed  method  of  exposing  a  resist  using  STH. 
Referring  to  Fig.  21,  a  voltage  of  10V  or  less  is 

35  applied  between  a  probe  106  of  STM  and  light- 
shielding  film  102a  and  antireflection  film  103a.  In 
this  proposed  example,  resist  104a  is  exposed  to 
electrons  emitted  from  probe  106  of  STM.  Since 
diameter  of  an  electron  current  emitted  from  probe 

40  106  is  about  1A  or  less,  finer  resist  pattern  can  be 
formed  compared  to  that  in  the  method  using  the 
electron  beam  shown  in  Fig.  18. 

In  the  conventionally  proposed  method,  how- 
ever,  electrons  emitted  from  probe  106  are  scat- 

45  tered  within  resist  104a  and  are  scattered  due  to 
their  collision  with  antireflection  film  103a.  These 
phenomena  are  referred  to  as  proximity  effect.  If 
the  above-described  scattering  of  electrons  occurs, 
a  region  which  is  not  to  be  exposed  could  also  be 

50  exposed.  Therefore,  accuracy  of  the  resulting  resist 
pattern  decreases  and  finer  resist  pattern  cannot 
be  formed. 

In  addition,  in  the  conventional  mask,  lightshiel- 
ding  film  (molybdenum  silicide  film)  102  and  an- 

55  tireflection  film  (molybdenum  silicide  oxide  film) 
103  can  easily  be  damaged  mechanically  during 
use.  Since  light-shielding  film  (molybdenum  silicide 
film)  102  is  formed  by  sputtering  or  vacuum  evap- 
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oration,  molybdenum  silicide  film  102  is  made  of  a 
polycrystalline  film  which  includes  a  collection  of 
fine  crystal  grains.  Accordingly,  molybdenum  sili- 
cide  film  (light-shielding  film)  102  can  easily  be 
deformed  if  external  force  is  applied  during  use. 

Antireflection  film  (molybdenum  silicide  oxide 
film)  103  on  light-shielding  film  (molybdenum  sili- 
cide  film)  102  is  formed  by  oxidizing  light-shielding 
film  (molybdenum  silicide  film)  102  made  of  a 
polycrystalline  film  which  is  a  collection  of  fine 
crystal  grains.  Therefore,  quality  of  antireflection 
film  (molybdenum  silicide  oxide  film)  103  reflects 
that  of  light-shielding  film  (polycrystalline  film)  102. 
Consequently,  it  is  difficult  to  form  dense  antireflec- 
tion  film  103.  Accordingly,  conventional  antireflec- 
tion  film  103  can  easily  be  deformed  if  the  external 
force  is  applied  during  use.  Conventionally,  it  is 
difficult  to  increase  the  number  of  times  the  mask 
can  be  used,  since  light-shielding  film  (molybde- 
num  silicide  film)  102  and  antireflection  film  (mo- 
lybdenum  silicide  oxide  film)  103  can  easily  be 
deformed  during  use. 

SUMMARY  OF  THE  INVENTION 

It  is  an  object  of  the  present  invention  to  in- 
crease  the  number  of  times  a  mask  for  transferring 
a  pattern  can  be  used,  by  preventing  a  light-shield- 
ing  film  from  being  damaged  mechanically. 

It  is  another  object  of  the  present  invention  to 
easily  form  finer  circuit  pattern  of  a  light-shielding 
film  in  a  method  of  manufacturing  the  mask  for 
transferring  a  pattern. 

It  is  a  further  object  of  the  present  invention  to 
form  a  very  fine  circuit  pattern  of  the  light-shielding 
film  without  using  a  resist  in  the  method  of  manu- 
facturing  the  mask  for  transferring  a  pattern. 

A  mask  for  transferring  a  pattern  in  accordance 
with  one  aspect  of  the  present  invention  is  provided 
with  a  transparent  substrate  having  a  main  surface, 
a  semiconductor  monocrystalline  film  formed  with  a 
prescribed  pattern  feature  on  the  main  surface  of 
the  transparent  substrate,  a  metal  monocrystalline 
film  formed  on  the  semiconductor  monocrystalline 
film,  and  a  metal  oxide  film  formed  on  the  metal 
monocrystalline  film. 

In  the  mask  for  transferring  a  pattern,  since  a 
light-shielding  film  including  the  semiconductor 
monocrystalline  film  formed  on  the  transparent 
substrate  and  the  metal  monocrystalline  film 
formed  thereon,  the  light-shielding  film  is  less  sus- 
ceptible  to  deformation  than  the  conventional  light- 
shielding  film  formed  of  a  polycrystalline  film  which 
can  easily  be  deformed  mechanically.  Thus,  the 
number  of  times  the  mask  can  be  used  will  be 
increased.  If  the  metal  oxide  film  on  the  metal 
monocrystalline  film  is  formed  by  oxidizing  the 
metal  monocrystalline  film,  the  metal  oxide  film 

comes  to  have  such  quality  that  reflects  the  quality 
of  the  metal  monocrystalline  film  having  fewer  de- 
fects.  Thus,  dense  metal  oxide  film  can  be  formed 
and  hardness  of  the  metal  oxide  film  will  be  in- 

5  creased.  As  a  result,  durability  of  the  mask  will 
further  be  improved. 

A  mask  for  transferring  a  pattern  in  accordance 
with  another  aspect  of  the  present  invention  is 
provided  with  a  transparent  substrate  having  a 

io  main  surface,  an  alloy  solid  solution  film  made  of 
solid  solution  of  semiconductor  monocrystal  and 
metal  monocrystal  formed  with  a  prescribed  pattern 
feature  on  the  main  surface  of  the  transparent 
substrate,  and  a  metal  oxide  film  formed  on  the 

is  alloy  solid  solution  film. 
In  the  mask  for  transferring  a  pattern,  since  the 

light-shielding  film  is  formed  of  the  alloy  solid  solu- 
tion,  which  is  hard,  made  of  solid  solution  of  the 
semiconductor  monocrystal  and  the  metal  mon- 

20  ocrystal,  the  light-shielding  film  is  less  susceptible 
to  mechanical  damage  during  use  than  the  conven- 
tional  light-shielding  film  formed  of  the  polycrystal- 
line  film  which  is  easily  deformed  mechanically. 
Thus,  durability  of  the  mask  can  further  be  im- 

25  proved. 
The  method  of  manufacturing  a  mask  for  trans- 

ferring  a  pattern  in  accordance  with  a  further  as- 
pect  of  the  present  invention  includes  the  steps  of 
forming  a  semiconductor  monocrystalline  film  on  a 

30  transparent  substrate  having  a  main  surface,  termi- 
nating  the  main  surface  of  the  semiconductor  mon- 
ocrystalline  film  with  hydrogen  atoms,  forming  a 
pattern  of  hydrogen  atoms  having  a  prescribed 
pattern  feature  by  replacing  a  portion  of  the  hy- 

35  drogen  atoms  at  the  main  surface  of  the  semicon- 
ductor  monocrystalline  film  with  oxygen  atoms,  for- 
ming  a  metal  monocrystalline  film  on  the  pattern  of 
the  hydrogen  atoms,  and  forming  a  metal  oxide 
film  on  the  metal  monocrystalline  film. 

40  In  the  method  of  manufacturing  the  mask  for 
transferring  a  pattern,  since  the  main  surface  of  the 
semiconductor  monocrystalline  film  formed  on  the 
main  surface  of  the  transparent  substrate  is  termi- 
nated  with  hydrogen  atoms,  a  pattern  of  the  hy- 

45  drogen  atoms  having  a  prescribed  pattern  feature 
is  formed  by  replacing  a  portion  of  the  hydrogen 
atoms  with  oxygen  atoms,  and  the  metal  mon- 
ocrystalline  film  is  formed  on  the  pattern  of  the 
hydrogen  atoms,  a  very  fine  pattern  of  the  metal 

50  monocrystalline  film  can  easily  be  formed  without 
using  a  resist.  Moreover,  if  a  metal  oxide  film  is 
formed  on  the  metal  monocrystalline  film  and  a 
portion  which  is  not  covered  with  the  metal  oxide 
film  is  then  removed,  a  light-shielding  film  with  a 

55  very  fine  pattern,  which  includes  the  metal  mon- 
ocrystalline  film  and  the  semiconductor  mon- 
ocrystalline  film,  can  be  formed. 

3 
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As  the  above-mentioned  further  aspect  of  the 
present  invention,  a  method  of  manufacturing  a 
mask  for  transferring  a  pattern  in  accordance  with 
still  further  aspect  of  the  present  invention  includes 
the  steps  of  forming  a  semiconductor  monocrystal- 
line  film  ,  terminating  a  main  surface  of  the  semi- 
conductor  monocrystalline  film  with  hydrogen 
atoms,  forming  a  pattern  of  the  hydrogen  atoms, 
forming  a  metal  monocrystalline  film,  and  forming  a 
metal  oxide  film.  The  method  further  includes  the 
step  of  forming  an  alloy  solid  solution  film  by 
thermally  diffusing  semiconductor  atoms  within  the 
semiconductor  monocrystalline  film  into  the  metal 
monocrystalline  film  by  thermal  processing. 

In  the  mask  for  transferring  a  pattern,  since  the 
main  surface  of  the  semiconductor  monocrystalline 
film  formed  on  the  transparent  substrate  is  termi- 
nated  with  hydrogen  atoms,  a  pattern  of  the  hy- 
drogen  atoms  having  a  prescribed  pattern  feature 
is  formed  by  replacing  a  portion  of  the  hydrogen 
atoms  with  oxygen  atoms,  the  metal  monocrystal- 
line  film  is  formed  on  the  pattern  of  the  hydrogen 
atoms,  and  the  alloy  solid  solution  film  is  formed 
by  thermally  diffusing  the  semiconductor  atoms 
within  the  semiconductor  monocrystalline  film  into 
the  metal  monocrystalline  film  by  thermal  process- 
ing,  a  pattern  of  the  alloy  solid  solution  is  the  same 
as  that  of  the  hydrogen  atoms.  Thus,  the  alloy  solid 
solution  film  (light-shielding  film)  having  a  finer 
pattern  can  easily  be  formed  without  using  a  resist. 

The  foregoing  and  other  objects,  features,  as- 
pects  and  advantages  of  the  present  invention  will 
become  more  apparent  from  the  following  detailed 
description  of  the  present  invention  when  taking  in 
conjunction  with  the  accompanying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  sectional  view  showing  a  mask  in 
accordance  with  a  first  embodiment  of  the  present 
invention. 

Figs.  2-9  are  sectional  views  illustrating  first  to 
eighth  steps  of  a  manufacturing  process  of  the 
mask  of  the  first  embodiment  shown  in  Fig.  1, 
respectively. 

Fig.  10  is  a  schematic  diagram  showing  a 
modification  of  the  manufacturing  process  of  Fig.  5. 

Fig.  11  is  a  sectional  view  showing  a  mask  in 
accordance  with  a  second  embodiment  of  the 
present  invention. 

Fig.  12  is  a  sectional  view  illustrating  an  exam- 
ple  of  a  manufacturing  process  of  the  mask  in 
accordance  with  the  second  embodiment  shown  in 
Fig.  11. 

Figs.  13-15  are  sectional  views  illustrating  first 
to  third  steps  of  another  example  of  the  manufac- 
turing  process  of  the  mask  in  accordance  with  the 
second  embodiment  shown  in  Fig.  11,  respectively. 

Fig.  16  is  a  sectional  view  showing  a  conven- 
tional  mask. 

Figs.  17-20  are  sectional  views  illustrating  first 
to  fourth  steps  of  a  manufacturing  process  of  the 

5  conventional  mask  shown  in  Fig.  16,  respectively. 
Fig.  21  is  a  schematic  diagram  showing  a 

manufacturing  method  of  a  conventionally  pro- 
posed  mask. 

w  DESCRIPTION  OF  THE  PREFERRED  EMBODI- 
MENTS 

Embodiments  of  the  present  invention  will  now 
be  described  with  reference  to  the  drawings. 

75  Referring  to  Fig.  1,  in  a  mask  10  of  a  first 
embodiment,  a  silicon  monocrystalline  film  2  is 
formed  on  a  prescribed  region  of  a  main  surface  of 
a  mask  substrate  1  made  of  a  sapphire  plate  or  a 
spinel  (MgO«AI203)  plate.  That  is,  silicon  mon- 

20  ocrystalline  film  2  is  located  on  mask  substrate  1 
so  as  to  correspond  to  a  circuit  pattern  for  each 
manufacturing  step  of  a  semiconductor  device. 

On  silicon  monocrystalline  film  2,  an  aluminum 
monocrystalline  film  3  is  formed  so  as  to  have  the 

25  same  circuit  pattern  as  that  of  silicon  monocrystal- 
line  film  2.  An  aluminum  oxide  film  (AI2O3  film)  4  is 
formed  on  aluminum  monocrystalline  film  3.  Silicon 
monocrystalline  film  2  has  a  thickness  of  about  200 
to  about  500nm,  and  both  aluminum  monocrystal- 

30  line  film  3  and  aluminum  oxide  film  4  have  a 
thickness  of  about  50  to  about  100nm. 

Silicon  monocrystalline  film  2  and  aluminum 
monocrystalline  film  3  form  a  light-shielding  film  of 
mask  10.  Aluminum  oxide  film  4  with  its  thickness 

35  set  to  a  prescribed  value  functions  as  an  antireflec- 
tion  film.  More  specifically,  spectral  reflectance  of  a 
two-layer  structure  of  aluminum  monocrystalline 
film  3  and  aluminum  oxide  film  4  within  a  specific 
range  of  wavelength  is  calculated  using  an  optical 

40  constant  of  aluminum  monocrystalline  film  3  and 
aluminum  oxide  film  4.  If  aluminum  oxide  film  4  is 
formed  so  as  to  have  a  thickness  which  minimizes 
the  spectral  reflectance,  aluminum  oxide  film  4  can 
function  as  an  antireflection  film.  This  can  suppress 

45  "edge  portion  exposure  effect",  i.e.  the  effect  that 
an  edge  portion  of  aluminum  monocrystalline  film  3 
is  exposed  when  light  reflectance  of  aluminum 
monocrystalline  film  3  is  large. 

In  the  mask  of  the  first  embodiment,  silicon 
50  monocrystalline  film  2  and  aluminum  monocrystal- 

line  film  3  form  a  light-shielding  film.  Since  a  mon- 
ocrystalline  film  has  fewer  defects  which  cause 
reduction  in  mechanical  strength  than  a  poly- 
crystalline  film,  the  light-shielding  film  formed  of 

55  silicon  monocrystalline  film  2  and  aluminum  mon- 
ocrystalline  film  3  is  less  susceptible  to  deforma- 
tion  even  if  external  force  is  applied  during  use, 
resulting  in  the  improvement  in  the  number  of 

4 
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times  the  mask  of  the  first  embodiment  can  be 
used  over  the  conventional  mask. 

Since  aluminum  oxide  film  4  is  formed  by 
oxidizing  a  surface  of  aluminum  monocrystalline 
film  3  as  will  be  described  later,  quality  of  alu- 
minum  oxide  film  4  reflects  the  quality  of  aluminum 
monocrystalline  film  3  which  is  less  defective. 
Thus,  dense  aluminum  oxide  film  4  can  be  formed. 
Consequently,  hardness  of  aluminum  oxide  film  4 
can  be  improved.  Therefore,  aluminum  oxide  film  4 
serves  as  a  protection  film  for  aluminum  mon- 
ocrystalline  film  3.  Thus,  durability  of  mask  10  can 
be  further  improved. 

The  method  of  manufacturing  the  mask  of  the 
first  embodiment  will  now  be  described  with  refer- 
ence  to  Figs.  2-9. 

First,  as  shown  in  Fig.  2,  mask  substrate  1 
formed  of  a  spinel  plate  or  a  sapphire  plate  is 
prepared.  Then,  as  shown  in  Fig.  3,  a  silicon  mon- 
ocrystalline  film  2a  having  a  thickness  of  about  200 
to  about  500nm  is  formed  on  one  surface  of  mask 
substrate  1.  More  specifically,  if  mask  substrate  1 
is  a  sapphire  plate,  silicon  monocrystalline  film  2a 
is  formed  on  mask  substrate  1  using  vapor  deposi- 
tion  in  which  crystal  growth  is  achieved  by  resolv- 
ing  silicon  tetrachloride  (SiCU)  in  hydrogen  atmo- 
sphere.  If  mask  substrate  1  is  a  spinel  plate,  silicon 
monocrystalline  film  2a  is  formed  on  mask  sub- 
strate  1  using  vapor  deposition  in  which  crystal 
growth  is  achieved  by  resolving  silane  (SihU)  in 
hydrogen  atmosphere.  In  the  above-described  va- 
por  deposition,  it  is  preferred  to  form  n-type  or  p- 
type  silicon  monocrystalline  film  2a  having  low 
specific  resistance  by  adding  arsine  (AsH3), 
phosphine  (PH3)  or  diborane  (B2HG)  to  silicon  tetra- 
chloride  and  silane.  Laser  anneal  may  be  per- 
formed  in  order  to  improve  crystal  property  of 
silicon  monocrystalline  film  2a  formed  in  the  above- 
described  manner. 

Then,  as  shown  in  Fig.  4,  silicon  monocrystal- 
line  film  2a  and  mask  substrate  1  are  impregnated 
into  a  solution  of  hydrofluoric  acid  (HF  content  of  1- 
1.5%),  or  a  mixed  solution  of  ammonium  fluoride 
(NhUF  content  of  40%)  and  hydrofluoric  acid  (HF 
content  of  50%)  in  a  volume  ratio  of  50:1.  Thus, 
natural  silicon  oxide  film  (SiCMilm)  is  removed  and 
outermost  bonds  of  silicon  atoms  are  terminated 
with  hydrogen  atoms.  Consequently,  the  surface  of 
silicon  monocrystalline  film  2a  can  be  cleaned  and 
kept  chemically  stable  for  a  long  time.  Such  a 
method  is  disclosed,  for  example,  in  Appl.  Phys. 
Lett.,  Vol.  56,  No.  7,  pp.  656-658  (1990)  and  Phys. 
Rev.  Lett.,  Vol.  65,  No.  4,  pp.  504-507  (1990). 

Then,  as  shown  in  Fig.  5,  the  surface  of  silicon 
monocrystalline  film  2a  terminated  with  hydrogen 
atoms  is  scanned  by  a  probe  1  1  ,  which  is  made  of 
tungsten,  of  STM.  The  scanning  by  this  probe  11  is 
carried  out  in  the  X-Y  direction  parallel  to  the 

surface  of  silicon  monocrystalline  film  2a.  Distance 
between  silicon  monocrystalline  film  2a  and  probe 
11  is  controlled  by  a  feedback  (F.B)  circuit  12  of 
STM  so  that  it  is  kept  constant.  More  specifically,  a 

5  constant  bias  voltage  in  the  range  of  +  0.5  to  1  .0V 
is  applied  to  silicon  monocrystalline  film  2a.  In 
addition,  a  tunneling  current  between  probe  11  and 
silicon  monocrystalline  film  2a  is  kept  at  a  constant 
value  in  the  range  of  0.5  to  1mA.  Thus,  the  dis- 

io  tance  between  probe  11  and  silicon  monocrystal- 
line  film  2a  can  be  kept  constant. 

In  the  above-described  STM  apparatus,  a  rela- 
tively  low  pulse  voltage  is  applied  to  probe  11 
when  it  scans  a  region  other  than  a  prescribed 

is  pattern  region.  The  pulse  voltage  must  be  set  to 
such  a  value  that  can  prevent  movement  of  silicon 
atoms  in  silicon  monocrystalline  film  2a  to  another 
position  caused  by  large  electric  field  strength  and 
thermal  evaporation  and  that  can  prevent  significant 

20  deformation  of  a  tip  shape  of  probe  11.  More 
specifically,  pulse  voltage  having  a  voltage  value  of 
1.5  to  2V  and  a  pulse  width  of  2  to  5msec  is 
applied  with  silicon  monocrystalline  film  2a  positive 
and  probe  negative. 

25  When  the  pulse  voltage  is  applied,  the  opera- 
tion  of  the  F.B  circuit  is  stopped.  On  the  other 
hand,  before  and  after  the  pulse  voltage  is  applied, 
the  tunneling  current  is  kept  constant  by  operating 
the  F.B  circuit.  Thus,  before  and  after  the  applica- 

30  tion  of  the  pulse  voltage,  the  distance  between 
silicon  monocrystalline  film  2a  and  probe  1  1  is  kept 
constant. 

By  the  above-described  application  of  the 
pulse  voltage,  hydrogen  atoms  (H)  near  the  tip  of 

35  probe  1  1  are  replaced  with  oxygen  atoms  (O).  That 
is,  a  pattern  of  oxygen  atoms  (O)  shown  in  Fig.  6  is 
formed  in  a  region,  which  will  not  later  be  a  light- 
shielding  film  (not  shown),  by  applying  the  pulse 
voltage  to  the  prescribed  region.  The  width  of  the 

40  pattern  of  oxygen  atoms  can  easily  be  controlled 
by  the  number  of  scan  lines  by  probe  11  and  the 
number  of  application  of  the  pulse  voltage. 

In  a  manufacturing  process  of  the  mask  of  the 
first  embodiment,  a  pattern  of  hydrogen  atoms  is 

45  formed  by  STM  without  using  a  resist.  Thus,  elec- 
trons  emitted  from  probe  11  of  STM  are  not  scat- 
tered  within  the  resist.  In  addition,  diameter  of 
electron  current  emitted  from  probe  11  of  STM  is 
about  1A  or  less.  Consequently,  a  very  fine  pattern 

50  of  hydrogen  atoms  can  easily  be  formed.  More- 
over,  a  light-shielding  film  having  a  very  fine  circuit 
pattern  can  be  formed  by  a  process,  which  will  be 
described  later,  using  the  patten  of  hydrogen 
atoms  as  a  base. 

55  Then,  as  shown  in  Fig.  7,  an  aluminum  mon- 
ocrystalline  film  3  is  formed  on  the  portion,  where 
hydrogen  atoms  remain,  of  the  surface  of  silicon 
monocrystalline  film  2a  using  organic  metal  vapor 

5 
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deposition.  That  is,  hydrogen  atoms  (H)  are  re- 
placed  with  aluminum  atoms  (Al)  in  an  atmosphere 
containing  hydrogen  gas  and  DMAH  [  (CH3  )  2AIH] 
gas,  using  low  pressure  vapor  deposition. 

More  specifically,  hydrogen  atoms  (H)  on  sili- 
con  monocrystalline  film  2a  are  bound  to  methyl 
groups  (CH3-),  turned  to  methane  (ChU),  and  evap- 
orate.  Thus,  aluminum  atoms  (Al)  bound  to  hy- 
drogen  atoms  (H)  remain  on  the  surface  of  silicon 
monocrystalline  film  2a.  The  hydrogen  atoms 
bound  to  the  aluminum  atoms  (Al)  are  again  bound 
to  methyl  groups  (CH3-),  turned  to  methane  (ChU), 
and  evaporate.  As  a  result,  aluminum  atoms  (Al) 
bound  to  other  hydrogen  atoms  remain  on  the 
surface  of  silicon  monocrystalline  film  2a.  Alumi- 
num  monocrystalline  film  3  can  be  formed  on  a 
prescribed  region  of  silicon  monocrystalline  film  2a 
by  repeating  the  above-described  reaction  cycle  of 
generating  methane  (CH+)  and  aluminum  atoms 
(Al). 

Specifically,  aluminum  monocrystalline  film  3  is 
formed  under  the  conditions  of  a  temperature  of 
250  to  300  °C,  a  reduced  pressure  of  1  to  2Torr 
and  a  partial  pressure  of  1  to  5x10_3Torr.  Thus, 
aluminum  monocrystalline  film  3  having  a  thickness 
of  about  100  to  about  200nm  as  shown  in  Fig.  8 
can  be  formed. 

Then,  as  shown  in  Fig.  9,  the  surface  of  silicon 
monocrystalline  film  2a  and  the  surface  of  alu- 
minum  monocrystalline  film  3  are  oxidized  in  an 
atmosphere  containing  oxygen  or  water  vapor  at  a 
temperature  not  higher  than  the  melting  point  of 
aluminum  monocrystalline  film  3.  Thus,  a  silicon 
oxide  film  (SiCfe)  5  and  an  aluminum  oxide  film 
(AI2O3)  4  are  formed.  Pilling-Bedworth  ratio  of 
AI2O3  to  Al  is  1.28.  The  Pilling-Bedworth  ratio  re- 
presents  the  degree  of  the  film  density.  The  Pilling- 
Bedworth  ratio  of  1  .28  indicates  that  aluminum  ox- 
ide  film  4  is  extremely  dense.  Therefore,  hardness 
of  aluminum  oxide  film  4  is  large.  Thus,  aluminum 
oxide  film  4  can  serve  as  a  protection  film  for 
aluminum  monocrystalline  film  3. 

After  silicon  oxide  film  5  and  aluminum  oxide 
film  4  are  formed  as  described  above,  a  portion  of 
silicon  monocrystalline  film  2a,  which  is  terminated 
with  oxygen  atoms  (a  portion  located  under  silicon 
oxide  film  5)  and  silicon  oxide  film  5  are  removed. 
More  specifically,  the  whole  mask  is  impregnated 
at  room  temperature  into  an  etchant  in  which  nitric 
acid  (HNO3  content  of  70%)  and  hydrofluoric  acid 
(HF  content  of  50%)  are  mixed  in  the  volume  ratio 
of  10:1.  Silicon  oxide  film  5  and  silicon  mon- 
ocrystalline  film  2a  thereunder  are  dissolved  by  this 
etchant,  while  aluminum  oxide  film  4  will  not  be 
dissolved  by  the  above-described  etchant,  since 
aluminum  oxide  film  4  is  dense  and  hardly  dis- 
solved  in  the  above-described  etchant.  Conse- 
quently,  silicon  monocrystalline  film  2,  aluminum 

monocrystalline  film  3  and  aluminum  oxide  film  4 
having  a  prescribed  pattern  feature  shown  in  Fig.  1 
can  be  formed.  Thus,  the  mask  of  the  first  embodi- 
ment  is  completed. 

5  Fig.  10  schematically  illustrates  a  modification 
of  the  step  of  replacing  hydrogen  atoms  with  oxy- 
gen  atoms  shown  in  Fig.  5.  Referring  to  Fig.  10,  in 
this  modification,  an  Atomic  Force  Microscope 
(AFM)  is  used  instead  of  the  Scanning  Tunneling 

10  Microscope  (STM)  shown  in  Fig.  5.  AFM  is  dis- 
closed,  for  example,  in  Science  •  VOL.  257  •  25 
SEPTEMBER  1992  pp.  1900-1905.  AFM  includes  a 
cantilever  16  having  a  shape  of  a  plate  spring,  a 
probe  15  attached  to  a  tip  of  cantilever  16,  an 

15  optical  position  detector  17  for  detecting  an  amount 
of  displacement  of  cantilever  16,  and  a  feedback 
(F.B)  circuit  18  for  controlling  a  distance  between 
probe  15  and  silicon  monocrystalline  film  2a  based 
on  a  detection  signal  from  optical  position  detector 

20  17.  A  bias  voltage  is  applied  to  silicon  monocrystal- 
line  film  2a. 

In  order  to  replace  hydrogen  atoms  (H)  with 
oxygen  atoms  (O)  using  such  an  AFM,  cantilever 
16  and  probe  15  are  required  to  be  conductive. 

25  Therefore,  in  this  modification,  cantilever  16  and 
probe  15  coated  with  a  thin  deposition  film  of  gold, 
or  cantilever  16  and  probe  15  formed  of  semicon- 
ductor  with  low  resistance  such  as  silicon  are  used. 
In  a  method  of  replacing  hydrogen  atoms  (H)  with 

30  oxygen  atoms  (O),  probe  15  scans  in  the  X-Y 
direction  as  in  the  case  of  STM  shown  in  Fig.  5.  A 
pulse  voltage  is  applied  to  probe  15  in  scanning  a 
region  other  than  prescribed  pattern  region.  Hy- 
drogen  atoms  (H)  near  the  tip  of  probe  15  are 

35  replaced  with  oxygen  atoms  by  the  pulse  voltage. 
Thus,  a  pattern  of  oxygen  atoms  (O)  similar  to  that 
shown  in  Fig.  6  is  formed. 

In  the  method  using  AFM,  since  the  distance 
between  silicon  monocrystalline  film  2a  and  probe 

40  15  is  kept  constant  by  using  interatomic  force,  it  is 
not  necessary  to  provide  tunneling  current  flowing 
between  silicon  monocrystalline  film  2a  and  probe 
15  as  in  the  case  of  using  STM  shown  in  Fig.  5. 
Therefore,  in  the  method  using  AFM,  it  is  not 

45  necessary  to  reduce  specific  resistance  of  silicon 
monocrystalline  film  2a  in  order  to  prevent  reduc- 
tion  in  tunneling  current  flowing  at  silicon  mon- 
ocrystalline  film  2a.  Accordingly,  in  the  method 
using  AFM,  silicon  monocrystalline  film  2a  having 

50  larger  specific  resistance  than  the  method  using 
STM  can  be  used. 

Although  silicon  (Si)  monocrystalline  film  2  is 
formed  on  mask  substrate  1  in  the  above-described 
mask  10  of  the  first  embodiment,  the  present  in- 

55  vention  is  not  limited  to  this,  and  a  germanium  (Ge) 
monocrystalline  film  may  be  formed.  Moreover,  al- 
though  aluminum  monocrystalline  film  3  is  formed 
on  silicon  monocrystalline  film  2  in  mask  10  of  the 

6 
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first  embodiment,  the  present  invention  is  not  limit- 
ed  to  this,  and  a  monocrystalline  film  such  as  a 
tungsten  (W)  monocrystalline  film  and  a  gallium 
(Ga)  monocrystalline  film  may  be  formed. 

Referring  to  Fig.  11,  in  a  mask  20  of  a  second 
embodiment,  an  aluminum-silicon  (Al-Si)  alloy  solid 
solution  film  22  is  formed,  on  a  mask  substrate  21 
made  of  a  spinel  plate  or  a  sapphire  plate,  with  a 
prescribed  pattern  feature.  An  aluminum  oxide  film 
23  is  formed  on  aluminum-silicon  alloy  solid  solu- 
tion  film  22.  Aluminum-silicon  alloy  solid  solution 
film  22  has  a  thickness  of  250  to  600nm,  and 
aluminum  oxide  film  23  has  a  thickness  of  50  to 
100nm. 

Aluminum-silicon  alloy  solid  solution  film  22 
serves  as  a  light-shielding  film  and  aluminum  oxide 
film  23  serves  as  a  protection  film.  Aluminum- 
silicon  alloy  solid  solution  film  22  forming  the  light- 
shielding  film  in  the  second  embodiment  is  harder 
than  aluminum  monocrystalline  film  3  forming  the 
light-shielding  film  in  the  first  embodiment.  There- 
fore,  in  the  second  embodiment,  light-shielding  film 
(aluminum-silicon  alloy  solid  solution  film)  22  is 
less  susceptible  to  mechanical  damage,  resulting  in 
the  improvement  in  the  number  of  times  the  mask 
of  the  second  embodiment  can  be  used  over  the 
mask  of  the  first  embodiment. 

An  example  of  a  manufacturing  process  of  the 
mask  of  the  second  embodiment  will  now  be  de- 
scribed  with  reference  to  Fig.  12. 

First,  a  silicon  monocrystalline  film  24,  an  alu- 
minum  monocrystalline  film  25  and  an  aluminum 
oxide  film  23  are  formed  on  mask  substrate  21  as 
shown  in  Fig.  12,  using  the  same  manufacturing 
process  as  that  of  the  mask  of  the  first  embodi- 
ment  described  above  with  reference  to  Figs.  2-9 
and  Fig.  1.  Then,  thermal  processing  is  performed 
for  about  10  to  20  minutes  under  the  temperature 
conditions  of  550  to  580  °  C.  Thus,  silicon  atoms  at 
silicon  monocrystalline  film  24  are  thermally  dif- 
fused  into  aluminum  monocrystalline  film  25.  As  a 
result,  aluminum-silicon  alloy  solid  solution  film  22 
shown  in  Fig.  11  can  be  obtained. 

Another  example  of  the  manufacturing  process 
of  the  mask  of  the  second  embodiment  will  now  be 
described  with  reference  to  Figs.  13-15. 

First,  a  silicon  monocrystalline  film  26  and  an 
aluminum  monocrystalline  film  27  are  formed  on 
mask  substrate  21  using  the  same  manufacturing 
process  at  that  of  the  mask  of  the  first  embodiment 
described  above  with  reference  to  Figs.  2-8.  Then, 
silicon  atoms  at  silicon  monocrystalline  film  26  are 
thermally  diffused  into  aluminum  monocrystalline 
film  27  by  performing  thermal  treatment  for  about 
10  to  20  minutes  under  the  temperature  conditions 
of  550  to  580  °C.  Thus,  an  aluminum-silicon  (Al-Si) 
alloy  solid  solution  film  22  shown  in  Fig.  14  can  be 
obtained. 

Then,  as  shown  in  Fig.  15,  a  silicon  oxide  film 
28  and  an  aluminum  oxide  film  23  are  formed  on  a 
surface  of  silicon  monocrystalline  film  26  and  a 
surface  of  aluminum-silicon  alloy  solid  solution  film 

5  22,  respectively,  using  the  same  manufacturing 
process  as  that  of  the  mask  of  the  first  embodi- 
ment  described  above  with  reference  to  Fig.  9. 
Then,  silicon  oxide  film  28  and  silicon  monocrystal- 
line  film  26  located  thereunder  are  removed  by 

io  etching.  Thus,  the  mask  of  the  second  embodiment 
shown  in  Fig.  11  is  formed. 

A  pattern  of  hydrogen  atoms  is  formed  using 
STM  or  AFM,  and  the  aluminum  monocrystalline 
film  is  formed  on  the  pattern  of  hydrogen  atoms 

is  using  the  organic  metal  vapor  deposition  in  the 
above-described  manufacturing  process  of  the 
mask  of  the  second  embodiment,  as  in  the  case 
with  the  mask  of  the  first  embodiment.  Therefore,  a 
very  fine  circuit  pattern  of  the  light-shielding  film 

20  can  be  formed  without  using  a  resist  in  the  manu- 
facturing  process  of  the  second  embodiment,  as  in 
the  case  with  the  first  embodiment. 

As  described  above,  in  a  mask  for  transferring 
a  pattern  in  accordance  with  one  aspect  of  the 

25  present  invention,  the  light-shielding  film  includes 
the  semiconductor  monocrystalline  film  and  the 
metal  monocrystalline  film.  Since  the  monocrystal- 
line  film  has  fewer  defects  which  cause  reduction 
in  mechanical  strength  than  a  conventionally  used 

30  polycrystalline  film,  the  light-shielding  film  is  less 
susceptible  to  deformation  even  if  external  force  is 
applied  to  the  light-shielding  film  in  using  the  mask 
for  transferring  a  pattern,  resulting  in  the  improve- 
ment  in  the  number  of  times  the  mask  for  transfer- 

35  ring  a  pattern  can  be  used.  If  the  metal  oxide  film 
on  the  metal  monocrystalline  film  is  formed  by 
oxidizing  the  metal  monocrystalline  film  having  few- 
er  defects,  the  metal  oxide  film,  which  is  very  hard, 
can  be  formed.  Thus,  the  metal  oxide  film  can 

40  serve  as  a  protection  film  for  the  metal  mon- 
ocrystalline  film,  resulting  in  the  improvement  in 
durability  of  the  mask  for  transferring  a  pattern. 

In  the  mask  for  transferring  a  pattern  in  accor- 
dance  with  another  aspect  of  the  present  invention, 

45  the  alloy  solid  solution  film  made  of  solid  solution 
of  semiconductor  single  crystal  and  metal  single 
crystal  forms  the  light-shielding  film.  Since  the  al- 
loy  solid  solution  film  is  harder  than  the  metal 
monocrystalline  film,  the  light-shielding  film  is  less 

50  susceptible  to  deformation,  resulting  in  the  im- 
provement  in  the  number  of  times  the  mask  for 
transferring  a  pattern  can  be  used. 

In  the  method  of  manufacturing  a  mask  for 
transferring  a  pattern  in  accordance  with  one  as- 

55  pect  of  the  present  invention,  the  main  surface  of 
the  semiconductor  monocrystalline  film  formed  on 
the  transparent  substrate  is  terminated  with  hy- 
drogen  atoms,  a  pattern  of  hydrogen  atoms  having 
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a  prescribed  pattern  feature  is  formed  by  replacing 
a  portion  of  the  hydrogen  atoms  with  oxygen 
atoms,  and  the  metal  monocrystalline  film  is 
formed  on  the  pattern  of  hydrogen  atoms,  thereby 
the  metal  monocrystalline  film  with  a  very  fine 
pattern  can  be  formed  without  using  a  resist.  More- 
over,  if  a  metal  oxide  film  is  formed  on  the  metal 
monocrystalline  film  and  a  portion  which  is  not 
coated  with  the  metal  oxide  film  is  then  removed,  a 
light-shielding  film  with  a  very  fine  pattern  consist- 
ing  of  the  semiconductor  monocrystalline  film  and 
the  metal  monocrystalline  film  can  be  formed. 

In  the  method  of  manufacturing  the  mask  for 
transferring  a  pattern  in  accordance  with  another 
aspect  of  the  present  invention,  the  main  surface  of 
the  semiconductor  monocrystalline  film  on  the 
transparent  substrate  is  terminated  with  hydrogen 
atoms,  a  pattern  of  hydrogen  atoms  is  formed  by 
replacing  a  portion  of  the  hydrogen  atoms  with 
oxygen  atoms,  a  metal  monocrystalline  film  is 
formed  on  the  pattern  of  hydrogen  atoms,  and  an 
alloy  solid  solution  film  is  formed  by  thermally 
diffusing  semiconductor  atoms  in  the  semiconduc- 
tor  monocrystalline  film  into  the  metal  monocrystal- 
line  film  under  thermal  processing,  whereby  the 
alloy  solid  solution  film  (light-shielding  film)  having 
a  very  fine  pattern  feature  which  is  the  same  as 
that  of  the  hydrogen  atoms  can  easily  be  formed. 

Although  the  present  invention  has  been  de- 
scribed  and  illustrated  in  detail,  it  is  clearly  under- 
stood  that  the  same  is  by  way  of  illustration  and 
example  only  and  is  not  to  be  taken  by  way  of 
limitation,  the  spirit  and  scope  of  the  present  inven- 
tion  being  limited  only  by  the  terms  of  the  appen- 
ded  claims. 

Claims 

1.  A  mask  for  transferring  a  pattern,  comprising: 
a  transparent  substrate  (1)  having  a  main 

surface; 
a  semiconductor  monocrystalline  film  (2) 

formed  with  a  prescribed  pattern  feature  on  the 
main  surface  of  said  transparent  substrate; 

a  metal  monocrystalline  film  (3)  formed  on 
said  semiconductor  monocrystalline  film;  and 

a  metal  oxide  film  (4)  formed  on  said  metal 
monocrystalline  film. 

2.  The  mask  for  transferring  a  pattern  according 
to  claim  1  ,  wherein 

said  semiconductor  monocrystalline  film 
includes  a  monocrystalline  film  formed  of  a 
material  selected  from  the  group  consisting  of 
silicon  (Si)  and  germanium  (Ge),  and 

said  metal  monocrystalline  film  includes  a 
monocrystalline  film  formed  of  a  material  se- 
lected  from  the  group  consisting  of  aluminum 

(Al),  tungsten  (W)  and  gallium  (Ga). 

3.  The  mask  for  transferring  a  pattern  according 
to  claim  1  or  2,  wherein  said  semiconduc- 

5  tor  monocrystalline  film  has  a  thickness  in  a 
range  of  200  to  500nm, 

said  metal  monocrystalline  film  having  a 
thickness  in  a  range  of  50  to  100nm,  and 

said  metal  oxide  film  having  a  thickness  in 
io  a  range  of  50  to  100nm. 

4.  A  mask  for  transferring  a  pattern,  comprising: 
a  transparent  substrate  (21)  having  a  main 

surface; 
is  an  alloy  solid  solution  film  (22)  of  a  solid 

solution  of  semiconductor  single  crystal  and 
metal  single  crystal  formed  with  a  prescribed 
pattern  feature  on  the  main  surface  of  said 
transparent  substrate;  and 

20  a  metal  oxide  film  (23)  formed  on  said 
alloy  solid  solution  film. 

5.  The  mask  for  transferring  a  pattern  according 
to  claim  4,  wherein 

25  said  alloy  solid  solution  film  is  formed  of  a 
solid  solution  of  silicon  and  aluminum. 

6.  The  mask  for  transferring  a  pattern  according 
to  claim  4  or  5,  wherein 

30  said  alloy  solid  solution  film  has  a  thick- 
ness  in  a  range  of  250  to  600nm, 

said  metal  oxide  film  having  a  thickness  in 
a  range  of  50  to  100nm. 

35  7.  A  method  of  manufacturing  a  mask  for  trans- 
ferring  a  pattern,  comprising  the  steps  of: 

forming  a  semiconductor  monocrystalline 
film  (2a)  on  a  main  surface  of  a  transparent 
substrate  (1); 

40  terminating  the  main  surface  of  said  semi- 
conductor  monocrystalline  film  with  hydrogen 
atoms; 

forming  a  pattern  having  prescribed  fea- 
ture  of  hydrogen  atoms  by  replacing  a  portion 

45  of  hydrogen  atoms  at  the  main  surface  of  said 
semiconductor  monocrystalline  film  with  oxy- 
gen  atoms; 

forming  a  metal  monocrystalline  film  (3)  on 
said  pattern  of  hydrogen  atoms;  and 

50  forming  a  metal  oxide  film  (4)  on  said 
metal  monocrystalline  film. 

8.  The  method  of  manufacturing  a  mask  for  trans- 
ferring  a  pattern  according  to  claim  7,  wherein 

55  said  step  of  forming  a  pattern  of  hydrogen 
atoms  includes  the  step  of  replacing  a  portion 
of  hydrogen  atoms  with  oxygen  atoms  using  a 
Scanning  Tunneling  Microscope  (STM). 

8 
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9.  The  method  of  manufacturing  a  mask  for  trans- 
ferring  a  pattern  according  to  claim  7,  wherein 

said  step  of  forming  a  pattern  of  hydrogen 
atoms  includes  the  step  of  replacing  a  portion 
of  hydrogen  atoms  with  oxygen  atoms  using 
an  Atomic  Force  Microscope  (AFM). 

10.  The  method  of  manufacturing  a  mask  for  trans- 
ferring  a  pattern  according  to  one  of  claims  7 
to  9,wherein 

said  step  of  forming  the  metal  mon- 
ocrystalline  film  includes  the  step  of 

growing  a  metal  monocrystalline  film  on 
said  pattern  of  hydrogen  atoms  by  organic 
metal  vapor  deposition  in  an  atmosphere  con- 
taining  hydrogen  gas  and  metal  hydride  gas 
having  a  methyl  group. 

11.  The  method  of  manufacturing  a  mask  for  trans- 
ferring  a  pattern  according  to  one  of  claims  7 
to  10,  wherein 

said  step  of  forming  the  metal  oxide  film 
includes  the  steps  of: 

forming  a  semiconductor  oxide  film  and  a 
metal  oxide  film  by  oxidizing  a  surface  of  said 
semiconductor  monocrystalline  film  replaced 
with  oxygen  atoms  and  a  surface  of  said  metal 
monocrystalline  film;  and 

removing  said  semiconductor  oxide  film 
and  said  semiconductor  monocrystalline  film 
located  under  said  semiconductor  oxide  film. 

12.  A  method  of  manufacturing  a  mask  for  trans- 
ferring  a  pattern,  comprising  the  steps  of: 

forming  a  semiconductor  monocrystalline 
film  on  a  main  surface  of  a  transparent  sub- 
strate  (21); 

terminating  the  main  surface  of  said  semi- 
conductor  monocrystalline  film  with  hydrogen 
atoms; 

forming  a  pattern  having  prescribed  fea- 
ture  of  hydrogen  atoms  by  replacing  a  portion 
of  hydrogen  atoms  at  the  main  surface  of  said 
semiconductor  monocrystalline  film  with  oxy- 
gen  atoms; 

forming  a  metal  monocrystalline  film  on 
said  pattern  of  hydrogen  atoms; 

forming  a  metal  oxide  film  (23)  on  said 
metal  monocrystalline  film;  and 

forming  an  alloy  solid  solution  film  (22)  by 
thermally  diffusing  semiconductor  atoms  in 
said  semiconductor  monocrystalline  film  into 
said  metal  monocrystalline  film  by  thermal 
treatment. 

13.  The  method  of  manufacturing  a  mask  for  trans- 
ferring  a  pattern  according  to  claim  12,  wherein 

said  thermal  treatment  is  performed  for 

about  10  to  about  20  minutes  at  a  temperature 
in  a  range  of  550  to  580  °  C. 
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